Two of the major unanswered questions in food allergy research are what makes one person, and not another, become allergic and what are the attributes of some foods and food proteins that make them more allergenic than others? Seeking to answer these questions is much more difficult than investigating the allergenic potency of inhalant or contact allergens since the proteins involved in sensitising or elicting allergic reactions may have undergone extensive modification during food processing and be presented within complex structures within food.
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These physicochemical changes will alter the way in which they are broken down during digestion and may modify the form in which they are taken up across the gut mucosal barrier and presented to the immune system. Certainly the structure of the food matrix can have a great impact on the elicitation of allergic reactions and fat-rich matrices may affect the kinetics of allergen release, potentiating the severity of allergic reactions (Grimshaw et al., 2003) . However, because of its complex nature the impact of food processing and the food matrix on allergenicity of proteins has only recently become a subject of research. Such investigations are fraught with difficulties, not least the fact that food processing often renders food proteins insoluble in the simple salt solutions frequently employed in serological or clinical studies. As a consequence our understanding of the impact of food processing on allergenicity is limited to the more soluble and extractable residues in foods and the allergenic potential of insoluble protein complexes is virtually unstudied despite representing the vast bulk of food proteins consumed.
Proteins in fabricated food structures
Much of our understanding of the effects of food processing on food protein structure and the fabrication of different types of food structure has been gained from studying model food, notably the whey proteins from cow's milk. Others include egg proteins and the 11S and 7S seed storage globulins, widely distributed abundant proteins found in many edible nuts and seeds and the major components in ingredients such as soya isolates. In addition to their role as a macronutrient, proteins play an important role in forming the structure of processed foods such as foams (for example whipped egg white in meringue), gel networks (such as the white in boiled egg or protein gels found in cooked meat products). They can also play an important role in emulsifying oil in sauces such as mayonnaise, where they form an interconnected adsorbed layer coating the oil droplets, and together with other food ingredients such as sugar, form glassy states in low water foods such as biscuits and pasta. The partially denatured and modified conformations they adopt in such processed foods are similar to those found in processed natural food matrices, where fruits, vegetables nuts or seeds maybe wet-processed (e.g. boiled) or dryheated (e.g. roasted or fried). In this case the interactions are more complex because of the ultrastructure of the natural food matrix where, for example, plant seed proteins maybe compartmentalised in protein bodies, may breakdown during cooking to varying extents.
The types of modification that the food proteins may undergo during processing include protein unfolding and aggregation, in addition to chemical modifications ( Figure 1 ). Both of these have the potential to affect stability to digestion, and hence the form in which allergens are presented to the immune system with regards both sensitisation and elicitation. The extent to which proteins are affected by processing conditions is process dependent, since protein denaturation requires the presence of water, proteins becoming more thermostable in low-water systems (Gekko and Timasheff 1981 determined by differential scanning calorimetry. However, even on heating to such temperatures they only appear to partially unfold, undergoing only minor conformational changes suggesting that the β-barrel motif characteristic of these proteins is a highly stable structure (Mills et al., 2003) . Like β-Lg, these unfolded forms also rapidly form aggregates on heating, which at high protein concentrations (2.5-10% by weight) the 7S globulin forming string like aggregates akin to whey proteins which also associated to form heat-set gels (Mills et al., 2001) .
Protein unfolding and aggregation may also be induced by mixing and shearing that occurs All these processes may impact on allergen structure in ways which are often pre-determined by the structure of the protein (Table 1 ) although the type of process and the addition of other ingredients (e.g. sugars) or pH may alter the effects. Caseins, seed storage prolamins of wheat (gluten), ovomucoid
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Effect of processing on allergen structure and properties
Processing-labile proteins
The best example of allergens which a labile to common food processing technologies are the 
Processing stable allergens
An allergen family which possess an inherently stable protein scaffold is the prolamin superfamily. These proteins are characterized by a conserved pattern of cysteine residues, with either six or eight such residues forming either three or four intra-chain disulphide bonds which constrain the folded structure of the proteins. With the exception of the prolamin seed storage proteins of cereals, it is these disulphide bonds which play an important role in determining the stability of these proteins to a variety of chemical and physical denaturants, including low pH, chaotropes, high temperature and pressure. Stability to processing is also a function of the process itself. Thus many seed storage globulins will denature to some extent and form aggregated networks following heating in a highly hydrated state and those from many legumes such soybean and lentils, are consumed in a boiled form. However, peanuts and many tree nuts are often consumed after being thermally processed at low water levels, in a roasted or fried form. Studies on the seed storage globulin allergen from peanuts are difficult to undertake as much of the peanut protein becomes insoluble. Nevertheless they indicate that the protein only becomes unfolded on roasting peanuts to 140°C for 15 min, (Koppelman et al., 1999) . IgE binding to wet or dry-heat denatured protein was essentially unchanged leading to the suggestion that either Ara h 1 does not contain any conformational epitopes, or that they are restricted to the thermostable regions of the structure.
Processing induced chemical modification of allergens
One of the main chemical modifications that occurs in foods during processing is the reaction between free amino groups on proteins and the aldehyde or ketone groups of sugars kown as Maillard's reaction. Such non-enzymatic glycations reactions can subsequently undergo a range of further rearrangements giving rise to a range of structurally diverse compounds known as Amadori products or advanced glycation end products (AGE S ). The formation of these adducts is affected by types of non-reducing sugars pH, water activity, temperature and is important as the volatile compounds contribute to the aromas and flavours associated with many cooked foods.
The rearrangement products can result in the cross-linking of food proteins, and in studies on the IgE-reactivity of bread in a panel of wheat allergic individuals suggested that some of the IgEreactive protein was extensively cross-linked by Maillard adducts (Simonato et al., 2001 ).
Maillard modification may affect the allergenicity of food proteins. Thus Maillard modifications can cross-link the peanut allergens Ara h 1 and Ara h 2 to form high molecular weight aggregates which bind IgE more effectively than unmodified allergens, and are also more resistant to gastric digestion (Maleki et al., 2000) , IgE binding to modified proteins being partially inhibited by antibodies to AGE adducts (Chung et al., 2003) . IgE from human peanut allergic sera binds peanut allergens Ara h 1, 2 and 3 more strongly from roasted compared with boiled or fried peanuts (Beyer et al., 2001 ) (indicating that certain types of thermal processing can introduce additional IgE binding sites. However, these observations may be complicated by the fact that peanut allergens leach out of peanuts during boiling, lowering the residual allergen content in the boiled nuts (Mondoulet et al., 2005) . Maillard modification has also been found to increase the IgE-binding capacity of the allergenic shellfish tropomyosin (Nakamura et al., 2005) . Individuals may have become sensitised to glycated tropomyosin itself, through consumption of the dried fish products frequently used, especially in oriental cuisine.
However, glycation of fruit allergens does not appear to increase their allergenicity in the same way as the peanut or shell-fish allergens. Thus, glycation of Pru av 1, the allergenic Bet v 1 homologue of cherry, with sugars, such as fructose and ribose, significantly reduced the proteins IgE reactivity, whilst modification with carbonyl compounds formed during carbohydrate breakdown, such as glyoxal and glycoaldehyde, almost completely abolished IgE binding (Gruber et al., 2004) . Maillard modification of the nsLTP allergen from apple, Mal d 3, protected the IgE-binding capacity of the protein following harsh thermal treatment (Sancho et al., 2005) .
Other types of processing-induced modification which may affect allergenicity include interactions with oxidsed lipids ( (Doke et al., 1989 ) and enzymatic modification with polyphenols catalysed by the polyphenol oxidase. Modification with epichatechin and caffeic acid was found to reduce the IgE-binding capacity of Pru av 1. However the extent to which it was reduced was highly dependent on the polyphenol involved, quercetin and quercetinglycoside, rutin, having a lesser effect (Gruber et al., 2004) . Such enzymatic modifications may be responsible for the highly labile nature of many fruit Bet v 1 type allergens.
Understanding the impact of processing on allergenic potential and managing risk
Understanding the impact of food processing and food structure on allergenic potential is central to managing allergen risks in the food chain. However, our current knowledge of the impact of food processing on allergen structure indicates that there are no clear rules regarding how different allergens respond to food processing. Thus for some, such as the Bet v 1 family of allergens found in fruits and vegetables, their allergenicity is destroyed by cooking, but for many others it is unaltered or may even be increased. What is emerging is that the impact is related to the type of sensitivity (is it related to an inhalant allergy or does it involve oral sensitisation by ingestion of food), the structural attributes and inherent stability of the allergen scaffold, the type of processing the allergen is subjected to and the food structure in which the allergen becomes embedded.
Investigations into the impact of processing on allergen structure and allergenic potential are still in their infancy, but two areas that remain neglected are the impact that food processing procedures have on sensitisation potential that modify allergenic potential and the way in which it may alter thresholds for elicitation of allergic reactions in sensitised individuals. A knowledge of how processing or food structure may alter threshold doses of allergens able to elicit an allergic reaction is highly relevant for managing allergens in a factory environment, particularly in relation to cross-contact allergens. In such instances allergens may find their way into foods otherwise free from them, through use of parallel or common processing lines for manufacture of allergen containing or allergen free foods. It may be that certain types of food structure, for example fat-continuous versus aqueous continuous matrices, may raise or lower the threshold doses for important allergens such as those from peanut. Such information is necessary to inform hazard control procedures as it may affect the extent to which it is necessary to clean-down common processing lines or the rigour with which ingredients are segregated within a factory environment. It is also acknowledged that food processing can affect the responsiveness of the immunoassay methods used to monitor allergens in foods and equipment clean-down (Poms et al., 2004) . A better understanding of how processing affects allergen structure, and hence allergen screening assays, would help support interpretation of immunoassay results especially when used to monitor highly processed ingredients.
Another aspect of allergen management in foods is the allergenic risk assessment process which forms part of the regulatory framework of Novel Foods and Processes. Our lack of understanding of the impact of conventional food processing procedures also makes the assessment of novel processes, such as high pressure, or novel thermal processing procedures, less certain than would otherwise be the case. The complexity of food processing makes managing allergens in foods difficult but demonstrates the importance of understanding its impact at the molecular level if risk assessors are to move towards knowledge-based ways of managing allergen risks.
